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We study the impact of Lorentz violating terms on a physical observable for both electrodynamics
of chiral matter and an Abelian Higgs-like model in 3 + 1 dimensions. Our calculation is done
within the framework of the gauge-invariant, but path-dependent, variables formalism. Interestingly
enough, for electrodynamics of chiral matter we obtain a logarithmic correction to the usual static
Coulomb potential. Whereas for a Abelian Higgs model with a Lorentz-breaking term, our result
displays new corrections to the Yukawa potential.
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I. INTRODUCTION
The study of the physical consequences of topology
or, more precisely, topological terms have considerably
increased over the last years. In all these studies, the
θ-term (or axion-term) ∼ θE · B, has been the focus of
interest. As is well known, the axion is a hypothetical
pseudo-scalar particle introduced to explain the CP non-
violation problem in QCD [1–3]. In this respect, we also
recall that the axion term provides a consistent frame-
work for the Witten effect [4–6] as well as for the topo-
logical magneto-electric effect [7, 8]. Particularly impres-
sive is that the effects of this topological term have been
materialized through the discovery of new materials [9].
On the other hand, in recent times a great deal of
attention has been devoted to the study of quantum-
anomaly induced effects with chiral fermions [10]. An
example that illustrates this is the chiral magnetic ef-
fect (CME), which is the generation of vector current
by an external magnetic field in the presence of imbal-
ance between the chemical potentials of right-handed and
left-handed fermions [11–14]. Along the same line, we
also mention the anomalous Hall effect [15, 16]. How-
ever, it should be emphasized that the crucial feature
of these quantum-anomaly induced effects is to change
the electromagnetic response of chiral matter. Interest-
ingly, these systems (electrodynamics of chiral matter)
are described by a Maxwell-Chern-Simons electrodynam-
ics with a constant four-vector, which breaks the Lorentz
invariance. Let us also mention here that the issue of
Lorentz invariance violation in quantum field theories
has been a subject of intense study [17–20], where the
most studied framework is the standard model exten-
sion, which consists of the minimal standard model plus
small Lorentz violating terms. Particularly significant
from this point of view are the Lorentz invariance viola-
tion electrodynamics, including either even or odd violat-
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ing terms. It is worth recalling at this stage that theories
with a topological term in (2 + 1) dimensions, where the
physical excitations obeying it are called anyons, have
been widely discussed in the literature [21–24]. Accord-
ingly, the three-dimensional Chern-Simons gauge theory
offers a natural setting so that Wilczek’s charge-flux com-
posite model of the anyon can be realized [25].
In this context we also point out that an Abelian Higgs
model with a Lorentz-breaking term has been consid-
ered in Ref. [26–28], where aspects of causality, unitar-
ity, spontaneous gauge-symmetry breaking, and vortex
formation were investigated. As a result, it was shown
that unitarity is always violated for an external vector
time-like or null. However, whenever the external vector
is space-like, physically consistent excitations are found.
Also, it was found a physical feature analogous of what
happens in (2 + 1)D, namely, the electrostatic and mag-
netostaic fields are not independent.
With these ideas in mind, in this work we examine
another aspect of these theories, that is, the impact of
the Lorentz violating terms on a physical observable. To
this end we will study the confinement versus screening
issue for both electrodynamics of chiral matter and an
Abelian Higgs model with a Lorentz-breaking term. Our
calculation is accomplished by making use of the gauge-
invariant, but path-dependent, variables formalism along
the lines of [29, 30]. As we shall see, in the case of electro-
dynamics of chiral matter, by adopting a purely space-
like vector vµ, our result shows that the static potential
is a logarithmic correction to the usual static Coulomb
potential. On the other hand, in the case of the Abelian
Higgs model with a Lorentz-breaking term and a purely
space-like vector vµ, the static potential displays new cor-
rections to the Yukawa potential.
2II. INTERACTION ENERGY
A. Electrodynamics of chiral matter
We turn now to the problem of obtaining the interac-
tion energy between static point-like sources for the two
models we shall consider in this work. With this pur-
pose, let us consider first the Hamiltonian analysis for
the electrodynamics of chiral matter coupled to an ex-
ternal source J0. We start from the four-dimensional
spacetime Lagrangian density
L = −1
4
FµνF
µν +
µ
4
θF˜µνFµν −A0J0, (1)
where θ = θ (t,x).
Note that the Lagrangian (1) can be written alterna-
tively in the form
L = −1
4
FµνF
µν − µ
4
∂µθε
µνρσAνFρσ −A0J0. (2)
Letting vµ = ∂µθ, we can, therefore, write
L = −1
4
FµνF
µν − µ
4
vµε
µνρσAνFρσ −A0J0. (3)
It may be noted here that the choice of the background
four-vector vµ as the four-gradient of the scalar θ auto-
matically ensures gauge-invariance of the Carroll-Field-
Jackiw term. Moreover, in a supersymmetric scenario
with Lorentz-symmetry violation, supersymmetry im-
poses that vµ must necessarily be a gradient. And, this
does not mean that the background becomes dynamical:
the fact that vµ stems from a scalar does not impose that
a vµ-kinetic term must be introduced into the Carroll-
Field-Jackiw Lagrangian.
Having characterized the new effective Lagrangian, we
can now examine the Hamiltonian structure of the theory
under consideration when vµ = (0, vi). The canonical
momenta is
Πλ = Fλ0 +
µ
2
εiν0λviAν , (4)
which results in the usual primary constraint, Π0 = 0
and Πi = F i0 + µ2 ε
0ijkvjAk. This allows us to write the
following canonical Hamiltonian HC :
HC =
∫
d3x
{
−1
2
Fi0F
i0 +
1
4
FijF
ij
}
+
∫
d3x
{
−A0
(
∂iΠ
i − µ
2
ε0ijkvi∂jAk + J
0
)}
.
(5)
The secondary constraint generated by the time preser-
vation of the primary constraint, Π0 = 0, is now
Γ1 ≡ ∂iΠi − µ2 ε0ijkvi∂jAk + J0 = 0. The above con-
straints are the first-class constraints of the theory since
no more constraints are generated by the preservation
of the secondary constraint. The corresponding total
(first-class) Hamiltonian that generates the time evolu-
tion of the dynamical variables then reads H = HC +∫
d3x (u0(x)Π0(x) + u1(x)Γ1(x)), where uo(x) and u1(x)
are arbitrary Lagrange multipliers to implement the con-
straints. Since Π0 = 0 always and A˙0 (x) = [A0 (x) , H] =
u0 (x), which is completely arbitrary, we eliminate A
0
and Π0 because they add nothing to the description of
the system. The Hamiltonian then takes the form
H =
∫
d3x
{
−1
2
Fi0F
i0 +
1
4
FijF
ij
}
+
∫
d3x
{
w(x)
(
∂iΠ
i − µ
2
ε0ijkvi∂jAk + J
0
)}
,
(6)
where w(x) = u1(x)− A0(x).
In order to break the gauge freedom of the theory, we
introduce a gauge condition such that the full set of con-
straints becomes second class, so we choose
Γ2 (x) ≡
∫
Cξx
dzνAν (z) ≡
1∫
0
dλxiAi (λx) = 0. (7)
where λ (0 ≤ λ ≤ 1) is the parameter describing the
space-like straight path xi = ξi + λ (x− ξ)i, and ξ is a
fixed point (reference point). There is no essential loss
of generality if we restrict our considerations to ξi = 0.
With this, the only non-trivial Dirac bracket is given by{
Ai (x) ,Π
j (y)
}∗
= δji δ
(3) (x− y)
− ∂xi
1∫
0
dλxiδ(3) (λx− y) . (8)
From this expression we readily obtain the Dirac brack-
ets in terms of the magnetic (Bi = εijk∂jAk) and electric
(Ei = Πi − µ2 ε0ijkvjAk) fields as:
{Ei(x), Bj(y)}∗ = εijk∂kδ(3) (x− y) , (9)
{B (x) , B (y)}∗ = 0, (10)
and
{Ei(x), Ej(y)}∗ = µεijkvkδ(3) (x− y) . (11)
This allows us to derive the equations of motion for the
electric and magnetic fields, that is,
B˙i (x) = εijk∂kEj (x) , (12)
and
E˙i (x) = −µεijkvkEj (x) + εijk∂kBj (x) . (13)
Similarly, we see that Gauss’s law takes the form(∇2 + µ2v2)
∇2 ∂iE
i + µ2
vj∂
jviE
i
∇2 = −J
0. (14)
3We also note that under the assumed conditions of
static fields, equations (12) and (13) must vanish, which,
then, yields
Ei = ∂iΦ, (15)
where
Φ =
∇2[
∇4 + µ2v2∇2 − µ2(v · ∇)2
] (−J0) . (16)
For, J0 (x) = qδ(3) (x), it follows that
Φ=q
∫
d3k
(2pi)
k2[
k4−µ2v2k2+µ2(v · k)2
]eik·x. (17)
Now, considering v=vzˆ, we find that the foregoing
equation can be brought to the form
Φ=
q
2µv
∫
dk⊥
(2pi)
2k
2
⊥
eik⊥·x⊥
k⊥
×
∫
dkz
(2pi)
[
1
(k2z−α2)
− 1
(k2z−β2)
]
eikzz
+
q
2µv
∫
dk⊥
(2pi)
2
eik⊥·x⊥
k⊥
×
∫
dkz
(2pi)
[
k2z
(k2z−α2)
− k
2
z
(k2z−β2)
]
eikzz, (18)
where α2=−k2⊥+µvk⊥ and β2=−k2⊥−µvk⊥. It should
be further noted that∫
dkz
(2pi)
[
1
(k2z−α2)
− 1
(k2z−β2)
]
eikzz
=
1
2
{
e−
√
k2⊥−µvk⊥z√
k2⊥−µvk⊥
−e
−
√
k2⊥+µvk⊥z√
k2⊥+µvk⊥
}
, (19)
and ∫
dkz
(2pi)
[
k2z
(k2z−α2)
− k
2
z
(k2z−β2)
]
eikzz
=−1
2
√
k2⊥−µvk⊥e−
√
k2⊥−µvk⊥
+
1
2
√
k2⊥+µvk⊥e
−
√
k2⊥+µvk⊥ . (20)
Finally, making use of the preceding results, we can
write the electric field as the sum of two parts:
Ei =
q
8piµv
∂iΦ
(1) +
q
4piµv
∂iΦ
(2), (21)
where
Φ(1) =
∫ ∞
0
dk⊥k
2
⊥J0 (k⊥|x⊥|)
e−
√
k2⊥−µvk⊥z
(k2⊥ − µvk⊥)
1
2
−
∫ ∞
0
dk⊥k
2
⊥J0 (k⊥|x⊥|)
e−
√
k2⊥+µvk⊥z
(k2⊥ + µvk⊥)
1
2
,
(22)
and
Φ(2) =
1
2
∫ ∞
0
dk⊥J0 (k⊥|x⊥|) e
−
√
k2⊥+µvk⊥z
(k2⊥ + µvk⊥)
− 1
2
− 1
2
∫ ∞
0
dk⊥J0 (k⊥|x⊥|) e
−
√
k2⊥−µvk⊥z
(k2⊥ − µvk⊥)
− 1
2
.
(23)
Here J0 (k⊥|x⊥|) is a Bessel function of the first kind,
where k⊥ and x⊥ denote the momentum component and
coordinate component perpendicular to v. To get the
above expressions we used J0 (x) =
1
2pi
∫ 2pi
0
eix cos θdθ.
We now are in a position to calculate the energy in-
teraction between static point-like sources, by using the
gauge-invariant but path-dependent variables formalism.
This is accomplished by making use of [29]
V ≡ q (A0 (0)−A0 (y)) , (24)
where the physical scalar potential is given by
A0 (x) =
∫ 1
0
dλxiEi (λx) , (25)
with i = 1, 2, 3. We also recall that (25) follows from the
vector gauge-invariant field expression [29]
Aµ (x) ≡ Aµ (x) + ∂µ
(
−
∫ x
ξ
dzµAµ (z)
)
, (26)
where the line integral is along a space-like path from ξ
to x, on a fixed time slice. Interestingly, these variables
(26) commute with the sole first class constraint (Gauss’s
law), showing that these fields are physical variables.
Now making use of equations (21) and (25), we readily
find that
A0 (x) = q
8piµv
Φ(1) (x) +
q
4piµv
Φ(2) (x) , (27)
after subtracting the self-energy terms.
From equation (24), the corresponding static potential
for two opposite charges located at 0 and y it should be
calculated.
One may gain further insight into the overall structure
of the interaction energy by examining equations (22) and
(23) in some limit. With this in mind, we shall introduce
a cutoff Λ in equations (22) and (23). It may be noted
here that in according to the current estimates in the
literature on the parameters associated to the v Lorentz-
symmetry violating operators [31], the product of the
parameters µ and v must be upper-bounded as follows:
µ, v < 10−42GeV. Since we are considering our cut-off,
Λ, to be very small, this means that we are confined to
the regime of low-frequency electromagnetic waves (radio
waves, for instance). Therefore, we may safely take the
modulus of the wave vector (in natural units) in the range
k ∼ 10−22GeV − 10−15GeV . Then, Λ must be of this
4order too. As a consequence, with the values estimated
above for µ, v, k and Λ, we can ensure that µvk⊥ ≪
k2⊥,Λ
2.
In such a case, we can rewrite expression (16) in the
form
Φ =
q
8piµv
lim
Λ→0
Φ˜(1) +
q
4piµv
lim
Λ→0
Φ˜(2), (28)
where
Φ˜(1) =
∫ ∞
0
dk⊥k
2
⊥J0 (k⊥|x⊥|)
e−
√
k2⊥+Λ
2−µvk⊥z√
k2⊥ + Λ
2 − µvk⊥
−
∫ ∞
0
dk⊥k
2
⊥J0 (k⊥|x⊥|)
e−
√
k2⊥+Λ
2+µvk⊥z√
k2⊥ + Λ
2 + µvk⊥
,
(29)
and
Φ˜(2) = −1
2
∫ ∞
0
dk⊥J0 (k⊥|x⊥|) e
−
√
k2⊥+Λ
2−µvk⊥z
(k2⊥ + Λ
2 − µvk⊥)−
1
2
+
1
2
∫ ∞
0
dk⊥J0 (k⊥|x⊥|) e
−
√
k2⊥+Λ
2+µvk⊥z
(k2⊥ + Λ
2 + µvk⊥)
− 1
2
.
(30)
We shall now examine the µv ≪ Λ case. As a conse-
quence of this the Φ function reads
Φ =
q
4pi
∫ ∞
0
dk⊥J0 (k⊥|x⊥|) e−k⊥z
+
1
64
qµ2v2z
∫ ∞
0
dk⊥
1
k⊥
J0 (k⊥ |x⊥|) e−k⊥z.
(31)
Now, making use of equations (24), (25) and (31), we
find that the potential for two opposite charges located
at 0 and r takes the form
V = − q
2
4pi
1
r
+
q2
4pi
µ2v2
16
z ln
(
z + r
2z
)
, (32)
after subtracting divergent terms, and r = |r|. Evidently,
by considering the limit µv → 0, we obtain a Coulombic
potential.
B. The Abelian Higgs model with a
Lorentz-breaking term
We now extend what we have done to a Lorentz-
violating Higgs model. However, before going to the
derivation of the interaction potential, we shall summa-
rize very quickly the principal features of this model. For
this purpose, we start from the four-dimensional space-
time Lagrangian density [26]:
L = −1
4
F 2µν + |Dµϕ|2 −m2|ϕ|2 + λ|ϕ|4
− µ
4
εµνκλvµAνFκλ, (33)
where Dµ ≡ ∂µ + ieQAµ. As before, vµ, is an arbi-
trary four vector which selects a preferred direction in
the space-time. Now we recall that when the gauge sym-
metry is spontaneously broken by means the new vacuum
〈0|ϕ |0〉 = a, where a =
(
−m22λ
)1/2
and m2 < 0, the cor-
responding effective Lagrangian density reads
L = −1
4
FµνF
µν − µ
4
vµAνFαβε
µναβ +
M2
2
AµA
µ −A0J0,
(34)
where M2 ≡ 2e2Q2a2 and J0 is an external source. To
get the last expression we adopted a polar parametriza-
tion and used the unitary gauge.
This new effective theory provide us with a suitable
starting point to study the interaction energy. Neverthe-
less, to carry out such study one would need to restore
the gauge invariance in equation (34). It is with this
goal that, by making use of standard techniques for con-
strained systems, we find that equation (34) reduces to
L = −1
4
Fµν
(
1 +
M2
∆
)
Fµν+
µ
2
εiναβviAν (∂αAβ)−A0J0,
(35)
where ∆ ≡ ∂µ∂µ. Notice that, for notational conve-
nience, we have maintained ∆ in equation (35), but it
should be borne in mind that we are considering the
static case.
With the foregoing information, we proceed to ob-
tain the Hamiltonian. The canonical momenta are
Πµ = −
(
1 + M
2
∆
)
F 0µ + µ2 ε
iν0µviAν , and one immedi-
ately identifies the primary constraint Π0 = 0, while the
remaining non-zero momenta are Πi = −
(
1 + M
2
∆
)
F 0i+
µ
2 ε
jk0ivjAk. The canonical Hamiltonian is now obtained
in the usual way and is given by
HC =
∫
d3x
{
−A0
(
∂iΠ
i − µ
2
ε0ijkvi∂jAk + J
0
)}
+
∫
d3x
{
−1
2
Fi0
(
1 +
M2
∆
)
F i0
}
+
∫
d3x
{
1
4
Fij
(
1 +
M2
∆
)
F ij
}
. (36)
As before, requiring the primary constraint Π0 to be pre-
served in time yields the secondary constraint (Gauss’s
law) Γ1 ≡ ∂iΠi − µ2 ε0ijkvi∂jAk + J0 = 0. Thus, the
Hamiltonian is now given as
H =
∫
d3x
{
w (x)
(
∂iΠ
i − µ
2
ε0ijkvi∂jAk + J
0
)}
+
∫
d3x
{
−1
2
Fi0
(
1 +
M2
∆
)
F i0
}
+
∫
d3x
{
1
4
Fij
(
1 +
M2
∆
)
F ij
}
, (37)
where, as before, w (x) = u1 (x) −A0 (x).
5Since our goal is to compute the static potential for
the theory under consideration, we shall use the same
gauge-fixing condition that was used in our preceding
calculation. In view of this situation, we now write the
Dirac brackets in terms of the magnetic and electric fields
as
{Ei (x) , Bj (y)}∗ = −
(
1 +
M2
∆
)−1
εkij ∂kδ
(3) (x− y) ,
(38)
{B (x) , B (y)}∗ = 0, (39)
{Ei (x) , Ej (y)}∗ = −
(
1 +
M2
∆
)−2
µεijkv
kδ(3) (x− y) .
(40)
It gives rise to the following equations of motion for
the magnetic and electric fields:
E˙i (x) = −µ
(
1 +
M2
∆
)−1
εijkvkEj (x) + εijk∂kBj (x) ,
(41)
and
B˙i (x) = +εjik∂kEj (x) . (42)
It follows from the above discussion that Gauss’s law for
the present theory reads(
1 +
M2
∆
)
∂iΠ
i − µviBi + J0 = 0. (43)
Again, as in the previous subsection, we shall consider
static fields. Thus, we obtain
Ei = ∂iΦ, (44)
where
Φ =
(∇2 −M2)[
(∇2 −M2)2 + µ2v2∇2 − µ2(v · ∇)2
] (−J0) .
(45)
For J0 (x) = qδ(3) (x), the foregoing expression be-
comes
Φ =
q
8piµv
Φ(1) +
q
16piµv
Φ(2) +
qM2
8piµv
Φ(3), (46)
where
Φ(1) =
∫ ∞
0
dk⊥k
2
⊥J0 (k⊥|x⊥|)
e−
√
k2⊥+M
2−µvk⊥z
(k2⊥ +M
2 − µvk⊥)
1
2
−
∫ ∞
0
dk⊥k
2
⊥J0 (k⊥|x⊥|)
e−
√
k2⊥+M
2+µvk⊥z
(k2⊥ +M
2 + µvk⊥)
1
2
,
(47)
Φ(2) =
∫ ∞
0
dk⊥J0 (k⊥|x⊥|) e
−
√
k2⊥+M
2+µvk⊥z
(k2⊥ +M
2 + µvk⊥)
− 1
2
−
∫ ∞
0
dk⊥J0 (k⊥|x⊥|) e
−
√
k2⊥+M
2−µvk⊥z
(k2⊥ +M
2 − µvk⊥)−
1
2
,
(48)
and
Φ(3) =
∫ ∞
0
dk⊥J0 (k⊥|x⊥|) e
−
√
k2⊥+M
2−µvk⊥z
(k2⊥ +M
2 − µvk⊥)
1
2
−
∫ ∞
0
dk⊥J0 (k⊥|x⊥|) e
−
√
k2⊥+M
2+µvk⊥z
(k2⊥ +M
2 + µvk⊥)
1
2
.
(49)
We now have all the information required to compute
the potential energy for static charges in this theory.
Thus, by employing equation (25), the gauge-invariant
scalar potential may be rewritten as
A0 (x) = q
8piµv
Φ(1) +
q
16piµv
Φ(2) +
qM2
8piµv
Φ(3), (50)
after subtracting the self-energy terms.
As was explained before, from equation (24), the corre-
sponding static potential for two opposite charges located
at 0 and r it should be calculated.
However, following our earlier line of argument, we
shall now consider the background small compared with
the mass term (µ2v2 ≪ M2). Accordingly, expression
(46) can be simplified
Φ =
q
8piµv
Φ(1) +
q
16piµv
Φ(2) +
qM2
8piµv
Φ(3), (51)
where
Φ(1) = µv
∫ ∞
0
dk⊥k
3
⊥J0 (k⊥|x⊥|)
e−
√
k2⊥+M
2z
(k2⊥ +M
2)
3
2
+
30µ3v3
48
∫ ∞
0
dk⊥k
5
⊥J0 (k⊥|x⊥|)
e−
√
k2⊥+M
2z
(k2⊥ +M
2)
7
2
,
(52)
Φ(2) = µv
∫ ∞
0
dk⊥k⊥J0 (k⊥|x⊥|) e
−
√
k2⊥+M
2z
(k2⊥ +M
2)
1
2
+
µ3v3
8
∫ ∞
0
dk⊥k
3
⊥J0 (k⊥|x⊥|)
e−
√
k2⊥+M
2z
(k2⊥ +M
2)
5
2
,
(53)
6and
Φ(3) = µv
∫ ∞
0
dk⊥k⊥J0 (k⊥|x⊥|) e
−
√
k2⊥+M
2z
(k2⊥ +M
2)
3
2
+
5µ3v3
8
∫ ∞
0
dk⊥k
3
⊥J0 (k⊥|x⊥|)
e−
√
k2⊥+M
2z
(k2⊥ +M
2)
7
2
.
(54)
After some further manipulations, equation (51) re-
duces to
Φ =
3q
16pi
e−Mr
r
− q
8pi
11
16
µ2v2
(
r +
1
M
+
Mz2
2
)
e−Mr
3
− q
8pi
11
16
µ2v2
{
z
(
1 +
M2z2
2
)
K0 (M |x⊥|)
}
+
q
8pi
11
16
µ2v2
{
z
(
1− M
2z2
6
)∫ r
|x⊥|
1
du
e−M|x⊥|u√
u2 − 1
}
+
q
8pi
11
16
µ2v2
{
Mz|x⊥|
2
K1 (M |x⊥|)
}
− q
8pi
11
16
µ2v2M2
z|x⊥|2
2
∫ r
|x⊥|
1
due−M|x⊥|u
√
u2 − 1.
(55)
Here K0 and K1 are modified Bessel functions.
Once again, following our earlier procedure, we get the
interaction energy as
V = − 3q
2
16pi
e−Mr
r
+
q2
8pi
11
16
µ2v2
(
r +
1
M
+
Mz2
2
)
e−Mr
3
+
q2
8pi
11
16
µ2v2
{
z
(
1 +
M2z2
2
)
K0 (M |x⊥|)
}
− q
2
8pi
11
16
µ2v2
{
z
(
1− M
2z2
6
)∫ r
|x⊥|
1
du
e−M|x⊥|u√
u2 − 1
}
− q
2
8pi
11
16
µ2v2
{
Mz|x⊥|
2
K1 (M |x⊥|)
}
+
q2
8pi
11
16
µ2v2M2
z|x⊥|2
2
∫ r
|x⊥|
1
due−M|x⊥|u
√
u2 − 1.
(56)
In this way our calculation shows new corrections to the
Yukawa potential. Evidently, by considering the limit
µv → 0, we obtain a Proca-like theory. Finally, it is
worth mentioning that the previous calculation general-
izes the results presented in Ref. [32], where electric and
magnetic fields were calculated for the special case where
the background v and x are parallel.
III. FINAL REMARKS
Finally, by exploiting the gauge-invariant but path-
dependent variables formalism, we have addressed the
confinement versus screening issue for both electro-
dynamics of chiral matter and an Abelian Higgs-like
model in 3 + 1 dimensions. An important feature of
this framework is a correct identification of physical
degrees of freedom for understanding the physics hidden
in gauge theories. As a consequence, in the case of
electrodynamics of chiral matter and a purely space-like
vector, vµ, we have obtained a logarithmic correction
to the usual static Coulomb potential. On the other
hand, in the case of the Abelian Higgs model with a
Lorentz-breaking term and a purely space-like vector,
vµ, the static potential displays new corrections to the
Yukawa potential.
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